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In t roduc t ion  

This  s tudy  is  concerned w i t h  t h e  mechanisms and e s s e n t i a l  r e a c t a n t s  
of t h a t  p a r t  of t h e  photosynthe t ic  process  i n  which oxygen is produced 
by p h o t o l y s i s  of water. This  i s  e s s e n t i a l l y  t h e  l i gh t - abso rb ing  r e a c t i o n ,  
which can be s t u d i e d  i n  v i t r o  s e p a r a t e l y  from t h e  carbon dioxide-f i x ing  
r e a c t i o n s .  The p h o t o l y s i s  of water and evo lu t ion  of oxygen t h a t  occurs  
when c h l o r o p l a s t s  or f ragments  of them are i l l umina ted  i n  t h e  presence 
of a s u i t a b l e  e l e c t r o n  accep to r  is g e n e r a l l y  r e f e r r e d  t o  as t h e  H i l l  
r e a c t i o n .  
s ta te  have g e n e r a l l y  r e s u l t e d  i n  l o s s  of a c t i v i t y .  Progress  toward t h i s  
g o a l  would be u s e f u l  i n  d e f i n i n g  t h e  minimum components and cond i t ions  
r equ i r ed  f o r  p h o t o l y t i c  a c t i v i t y ,  as  w e l l  a s  i n  de te rmining  t h e  d e t a i l s  
of t h e  mechanisms of energy t r a n s f e r .  Recent experiments  a long  these  
l i n e s  i n  our  l a b o r a t o r i e s  l ed  t o  es tab l i shment  of t h i s  p r o j e c t  t o  s tudy 
c h l o r o p l a s t  e x t r a c t s .  

-- 

Attempts t o  reduce the  H i l l  r e a c t i o n  system t o  a n o n p a r t i c u l a t e  

The long range p lan  of study inc ludes  a n a l y t i c a l  i n v e s t i g a t i o n s  t o  
i d e n t i f y  and c h a r a c t e r i z e  t h e  components of t h e  photoac t ive  complex, and 
t o  determine t h e  func t ion  of each;  examination of t h e  r o l e  of p r o t e i n s ,  
e s p e c i a l l y  enzymes, i n  t h e  complex; s t u d i e s  on methods of prepar ing  
e x t r a c t s  of c h l o r o p l a s t s  and on the  s t a b i l i t y  of t h e  p r e p a r a t i o n s ;  d e t e r -  
minat ion of t h e  p a r t i c i p a t i o n  and role of va r ious  c o f a c t o r s ;  and a p p l i -  
c a t i o n  of spec t roscop ic  and o the r  p h y s i c a l  methods t o  e l u c i d a t i o n  of t h e  
c h a r a c t e r i s t i c s  of t h e  s y s t e m .  

A c t i v i t v  During t h e  Period 

A t r a n s i t i o n  w a s  made from the manometric method of measuring 
H i l l  r e a c t i o n  a c t i v i t y  t o  t h e  polarographic  method. Ch lo rop la s t  
fragment p r e p a r a t i o n s  w e r e  s tud ied  f o r  oxygen-evolving a c t i v i t y  as a 
f u n c t i o n  of t h e  amount of b i o c a t a l y s t .  

Some l abora to ry  modi f ica t ions  t h a t  w e r e  made included moving t h e  
Elphor  high-vol tage , c a r r i e r - f  r ee  e l e c t r o p h o r e s i s  instrument  t o  a 
s p e c i a l  darkened l abora to ry  ad jacent  t o  where t h e  H i l l  r e a c t i o n  a c t i v i t y  
and spectrophotometry are conducted. Ai r -condi t ion ing  w a s  i n s t a l l e d  t o  
f a c i l i t a t e  t h e  ope ra t ion  of t h e  Elphor u n i t .  

P l ans  

P repa ra t ive  e l e c t r o p h o r e s i s  s t u d i e s  w i l l  be cont inued and augmented 
by p re l imina ry  c e n t r i f u g a l  f r a c t i o n a t i o n  of c h l o r o p l a s t  fragment sus- 
pens ions .  Improvements i n  t h e  polarographic  method of oxygen sens ing  
w i l l  be pursued. 

Experiment a1 

During t h i s  q u a r t e r ,  w e  changed from t h e  manometric t o  t h e  polarographic  
e l e c t r o d e  method of measuring H i l l  r e a c t i o n  a c t i v i t y .  The polarographic  
e l e c t r o d e  technique ,  pioneered by B l inks  and co-workers, has  t h e  advantage 
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of cont inuous measurement of oxygen evo lu t ion  du r ing  t h e  H i l l  r e a c t i o n  
run. Fu r the r  improvements being considered should provide even g r e a t e r  
s e n s i t i v i t y  over  manometric methods. 

A Beckman oxygen sensor  (39865) and adap te r  box (96260) were used 
i n  conjunct ion  with a Model 76 Beckman expanded s c a l e  pH meter. A f t e r  
t h e  equipment was s e t  up, s e v e r a l  minor adjustments  had t o  be made t o  
adapt  it t o  use with a po ten t iome t r i c  recorder .  The s h o r t i n g  s t r a p  ac ross  
t h e  r eco rde r  ou tput  on t h e  pH meter was rep laced  with a r e s i s t o r .  Using 
a 1-mv r eco rde r  (Servo/Ri te r  Model PSR, Texas Instruments ,  Inc . )  with an 
a t t e n u a t i o n  pa th  on t h e  inpu t  c i r c u i t ,  a 49.5-ohm r e s i s t o r ,  f 1 percen t ,  

t o  read 75 p1  of oxygen evolved per  c h a r t  d i v i s i o n .  
a s s i s t a n c e  of F rank l in  M. Church du r ing  t h e  i n s t a l l a t i o n  of t h e  new 
ins t rumen ta t ion  i s  g r a t e f u l l y  acknowledged.) 

wat t ,  gave a 10-mv reco rde r  s e n s i t i v i t y .  The r eco rde r  span was ad jus t ed  
(Note: t h e  t e c h n i c a l  

Experiments were conducted t o  compare t h e  accuracy of t h e  r e s u l t s  
ob ta ined  us ing  t h e  polarographic  e l e c t r o d e  with t h e  Warburg resp i rometer .  
Spinach c h l o r o p l a s t s  were prepared a s  descr ibed  i n  Quar t e r ly  Report No. 5. 
The oxygen-sensing polarographic  e l e c t r o d e  was c a l i b r a t e d  i n  a i r  us ing  
t h e  X10 a t t e n u a t i o n  and t h e  100 percent  s c a l e  on t h e  oxygen adap te r  box. 
T h i s  gave a r ead ing  of 2 1  percent  p a r t i a l  p re s su re  of oxygen i n  a i r  on 
t h e  pH meter ;  t h e  r eco rde r  was adjus ted  t o  read accord ingly .  

The e l e c t r o d e  was i n s e r t e d  i n  a modified Warburg f l a s k .  An addi-  
t i o n a l  s i d e  tube was a t t ached  t o  t h e  f l a s k  t o  f a c i l i t a t e  f l u s h i n g  with 
p r e p u r i f i e d  n i t r o g e n  t o  o b t a i n  an anaerobic  base l i n e .  The f l a s k  con- 
t a i n e d  1.0 m l  of c h l o r o p l a s t  fragment suspension i n  t h e  s i d e  arm, 1.0 m l  
of 0 .01  M potassium f e r r i c y a n i d e  s o l u t i o n  and 0.8 m l  of 0.025 M T r i s  
b u f f e r  ( p H  7.56) i n  t h e  main po r t ion  of t h e  f l a s k ,  and 0 .2  m l  of 10 percent  
potassium hydroxide s o l u t i o n  i n  t h e  c e n t e r  w e l l .  

The f l a s k  was immersed i n  the cons t an t  temperature  water  ba th  
(14.4 f 0.1OC) of t h e  Warburg appara tus  (Model 5-134, American Instrument ,  
Inc . )  and shaken while being f lushed  with p r e p u r i f i e d  n i t rogen .  A f t e r  
approximately 20 minutes, a s teady b a s e l i n e  w a s  ob ta ined  on t h e  recorder .  
The s o l u t i o n s  were then  mixed and allowed t o  s t a b i l i z e  i n  t h e  dark  f o r  
a few more minutes before  t h e  l i g h t  w a s  turned on to d r i v e  t h e  photo- 
chemical  r e a c t i o n .  Comparable f l a s k s ,  i nc lud ing  a thermobarometer, were 
r u n  us ing  s tandard  manometric methods. The r e s u l t s  by both methods 
compared favorably .  I n  one run, t h e  m i c r o l i t e r s  of oxygen evolved p e r  
minute were 4.43 (manometric) and 4.5 (po la rograph ic ) .  I n  another  expe r i -  
ment, they  were 5.94 and 6.3, r e spec t ive ly .  

This  method of s ens ing  t h e  evo lu t ion  of oxygen was used i n  a 
series of experiments  i n  which the H i l l  r e a c t i o n  a c t i v i t y  was determined 
a s  a f u n c t i o n  of t h e  volume of ch lo rop la s t  fragment suspension added a s  
t h e  b i o c a t a l y s t .  The r e s u l t s  f o r  a series of p r e p a r a t i o n s  a r e  summarized 
i n  Table I .  
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Table I 

HILL REACTIOS ACTIVITIES OF CHLOROPLAST FUGREST PREPAUTIOXS RLEXSURED 
KITH THE FOWROGRAPHI c OXTGES-SESSISG  ELECTRODE;^ 

Ch 1 

0 2  
E xpe r i m e  n t 

Sumber Volume of Ch lo rop la s t  Suspension 1 1 1 1 ) ~  

1 .oo 

339 

536 

378 

2 68 

0 -50 0 -50 

528 

323 

150 

562 

5 10 

--- 

528 

323 

150 

562 

5 10 

--- 

0.25 0.25 

--- 
456 

286 

7 15 

64 1 

524 

--- 
456 

286 

7 15 

64 1 

524 

0 . 1 2 5  

a Inf luenced by t h e  q u a n t i t y  of b i o c a t a l y s t  added t o  the  r e a c t i o n  
mixture 
A l l  experiments were conducted with a t o t a l  volume of s o l u t i o n  of 
3.00 m l ,  i n  the  15-1111 Warburg f l a s k s .  

Discussion 

I n  general ,  t h e  s lope  of the curve of H i l l  r e a c t i o n  a c t i v i t y  i s  a 
f u n c t i o n  of ch lo rophy l l  concen t r a t ion  i n  t h e  s y s t e m  and i n d i c a t e s  
i i i c r eas ing  a c t i v i t y  a s  tile concen t r a t ion  of b i o c a t a i y s t  approaches 
i n f i n i t e  d i l u t i o n ,  Unfortunately,  t h e  d a t a  are t o o  incomplete t o  permit 
u s e f u l  eva lua t ion .  I n  f u t u r e  experiments w e  p l an  t o  s tudy  t h e  v a r i a t i o n  
of a c t i v i t y  a t  a f i x e d  l e v e l  of ch lo rophy l l  concen t r a t ion ,  e.g., 0 . 5 0  or 
0 . 2 5  mg ch lo rophy l l  p e r  m i l l i l i t e r ,  and t o  s tudy  t h e  shape of t h e  curve 
i n  g r e a t e r  d e t a i l  a t  lower concen t r a t ions  of ch lo rophy l l .  

One exp lana t ion  f r e q u e n t l y  o f f e red  i s  t h a t  some c h l o r o p l a s t  f r a g -  
ments s c r e e n  o t h e r s  from rece iv ing  adequate i l l u m i n a t i o n .  Consequently, 
t h e  H i l l  r e a c t i o n  a c t i v i t y  i s  p ropor t iona l  t o  t h e  e f f i c i e n c y  of exposure 
of t h e  b i o c a t a l y s t .  This  would be improved a t  h i g h e r  d i l u t i o n s  a t  a 
s a c r i f i c e  of p r e c i s i o n .  However, t h e r e  should be a concen t r a t ion  below 
which t h e  a c t i v i t y  i s  a l i n e a r  func t ion  of t h e  b i o c a t a l y s t  concen t r a t ion ,  
i .e.,  f r e e  of s c r e e n i n g  in t e r f e rence .  

Another p o s s i b i l i t y  is  suggested by t h e  Schutz r u l e - - i t  i s  necessary 
t o  quadruple t h e  q u a n t i t y  of enzyme i n  o r d e r  t o  double t h e  ra te  of 
r e a c t i o n  (J .  B. Sumner and G. F .  Somers, Chemistry and Methods of Enzymes, 
3 rd  ed . ,  1953, Academic Press ,  p. 1 7 ) .  Assuming t h a t  t h e  concerted 
enzymatic a c t i v i t y  i n  t h e  H i l l  r e a c t i o n  i s  d i r e c t l y  r e l a t e d  t o  t h e  
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q u a n t i t y  of c h l o r o p h y l l ,  t h e  r e s u l t s  ve ry  c l o s e l y  r e s e m b l e  t h o s e  ty;pi-  
c a l  o f  t h e  S c h u t z  phenonienon. F u r t h e r  s t u d i e s  of t h e  r e p r o d u c i b i l i t y  
of r e s u l t s  w i l l  h e l p  i n  the a d o p t i o n  u f  t h i s  i n t e r p r e t a t i o n .  

The s t u d i e s  w i t h  t h e  p u l a r o g r a p h i c  e l e c t r o d e  w e r e  pe r fo rmed  w i t h  
a s i n g l e  f l a s k  and i t s  e l e c t r o d e .  I t  s h o u l d  be p o s s i b l e  t o  m o n i t o r  
se vc  ra 1 f l a s k s  s i m u l t a n e o u s  1 y t h r o u g h  a mu1 t i p o i  n t  r e c o r d e r .  
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